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POWER CONVERTER MAGNETIC DEVICES 

[0001] This application claims priority under 35 U.S.C. 
119 to US. Provisional Application No. 61/056,706, entitled: 
“TECHNIQUES FOR POWER CONVERSION,” ?led on 
May 28, 2008, the contents of Which are incorporated herein 
as if set forth in full. 

BACKGROUND 

[0002] Presented herein are various techniques for use in 
poWer conversion devices. Generally, a poWer converter is a 
poWer supply unit that delivers energy to an electronic device, 
and may also regulate the current to meet the device’s speci?c 
requirements. PoWer converters are commonly used in con 
sumer electronics such as computers, laptops, audio equip 
ment, cell phones, or the like. 
[0003] One type of poWer converter is a SWitched Mode 
PoWer Supplies (SMPS). An SMPS may include a poWer 
supply unit and a circuit inside the unit to regulate the current. 
The circuit moves extremely fast, regulating the current so 
that it can stabilize it to a set voltage that is then sent directly 
to the device. Because of Weight, economic and convenience 
factors, SMPS are the device of choice to poWer most con 
sumer electronics that need stable current and voltage. HoW 
ever, they must be designed carefully to provide poWer With 
acceptable ef?ciency and minimal noise. 
[0004] To meet these requirements, poWer converters may 
include one or more stages that include one or more magnetic 

components including ?lters, transformers. inductors, or the 
like. Generally, the techniques described herein are directed 
to improvements in the various magnetic components that are 
utilized by poWer converters. 

SUMMARY 

[0005] The folloWing embodiments and aspects of thereof 
are described and illustrated in conjunction With systems, 
tools, and methods Which are meant to be exemplary and 
illustrative, and not limiting in scope. In various embodi 
ments, one or more of the above-described problems have 
been reduced or eliminated, While other embodiments are 
directed to other improvements. 
[0006] Disclosed is an inductive element for an electronic 
circuit. The element includes a magnetic core assembly hav 
ing an air gap, the core assembly having an overall perme 
ability, the core assembly being composed of a ?rst material 
for at least a substantial majority of the assembly, the ?rst 
material having a permeability, and having a layer of material 
having a permeability higher than the overall permeability 
and loWer than the permeability of the ?rst material adjacent 
to at least one side of the air gap. The element also includes a 
coil of conductive material circumferentially surrounding at 
least a portion of the core assembly. 

[0007] The layer of material may include NiZn. The layer 
of material may include iron poWder. The magnetic core 
assembly may include an E-section and an l-section. The 
l-section may include the layer of material on a side adjacent 
the E-section. The layer may have a permeability greater than 
300u and the overall permeability of the core assembly may 
be less than 300u. The ?rst material may have a permeability 
greater than 2000u and the layer may have a permeability less 
than 1000u. 
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[0008] Also disclosed is an inductive element for an elec 
tronic circuit in Which the element includes a magnetic core 
assembly having three core legs around Which Windings can 
be provided, including a ?rst leg, a second leg, and a third leg, 
Wherein the third leg includes an air gap such that the third leg 
is divided into tWo leg sections. The element also includes a 
?rst Winding around the ?rst leg, a second Winding around the 
second leg, and a third Winding and a fourth Winding around 
respective ones of the tWo leg sections of the third leg. The 
?rst and second Windings are used for ?ltering common 
mode noise and the third. and fourth Windings are used for 
?ltering differential-mode noise. 
[0009] The ?rst Winding may have the same number of 
turns as the second Winding and the third Winding may have 
the same number of turns as the fourth Winding. A ?rst end of 
the ?rst leg, the second leg, and the third leg may all be 
attached to a top core element and a second end of the ?rst leg, 
the second leg, and the third leg may all be attached to a 
bottom core element. 

[0010] Also disclosed is an inductive element assembly for 
an electronic circuit in Which the assembly includes a ?rst 
inductive element having a ?rst magnetic core and a ?rst pair 
of Windings and a second inductive element having a second 
magnetic core and a second pair of Windings. The second 
magnetic core is connected to the ?rst magnetic core and the 
magnetic ?ux generated by the second inductive element 
passes from the second magnetic core to the ?rst magnetic 
core and back to the second magnetic core. 

[0011] The second inductive element may be shaped as a 
E-section. The ?rst inductive element may be shaped as a pair 
of E-sections. The current ?oWing in the ?rst and second pair 
of Windings may be synchronized so that the peak current 
does not How through the tWo pair of Windings simulta 
neously. 
[0012] Also disclosed is an inductive element assembly for 
an electronic circuit, in Which the assembly includes a ?rst 
inductive element having a ?rst magnetic core and a ?rst pair 
of Windings and a second inductive element having a second 
magnetic core and a second pair of Windings. The ?rst induc 
tive element and the second inductive element have substan 
tially the same cross-sectional shape, and the tWo inductive 
elements are stacked on top of each other. 

[0013] The ?rst inductive element and the second inductive 
element may have substantially the same cross-sectional size. 
The assembly may further include a third inductive element 
having a third magnetic core and a third pair of Windings, 
Wherein the third inductive element has substantially the 
same cross-sectional shape as the ?rst inductive element and 
the second inductive element, and further Wherein the three 
inductive elements are stacked on top of each other. The ?rst 
magnetic core may include an Ejection and a common core 
section, and further Wherein the second magnetic core 
includes an E-section and the common core section. The 
common core section may be formed in the shape of a pair of 
E-sections that are joined together With their longest longitu 
dinal sections abutted against each other. The current ?oWing 
in the ?rst and second pair of Windings may be synchronized 
so that the peak current does not How through the tWo pair of 
Windings simultaneously. 
[0014] In addition to the exemplary aspects and embodi 
ments described above, further aspects and embodiments Will 
become apparent by reference to the draWings and by study of 
the folloWing descriptions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a representation of a prior art inductor core 
structure. 

[0016] FIG. 2 is a representation of an inventive prior art 
core structure. 

[0017] FIG. 3 is a representation of a prior art choke that can 
be used to ?lter either common-mode noise of differential 
mode noise. 
[0018] FIG. 4 is a representation of a choke on a single core 
that can be used to ?lter both common-mode noise and dif 
ferential-node noise. 
[0019] FIG. 5 is a representation of a pair of separate core 
structures that are used to form a pair of separate inductive 
elements. 
[0020] FIG. 6 is a representation of an integrated core struc 
ture that is used to form a pair of separate inductive elements. 
[0021] FIG. 7 is an illustration of current versus time in the 
pair of inductive elements of FIG. 6. 
[0022] FIG. 8 is an illustration of lines of magnetic ?ux 
?oWing in the integrated core structure of FIG. 6. 
[0023] FIG. 9 is an illustration of three separate core struc 
tures for three separate inductive elements that are stackable 
together. 
[0024] FIG. 10 is a stack of inductive elements. 
[0025] FIG. 11 is an illustration of tWo separate magnetic 
cores for tWo inductive elements that can be stacked and 
integrated together so that a portion of the core common to 
each is shared. 

DETAILED DESCRIPTION 

[0026] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
have been shoWn by Way of example in the draWings and are 
herein described in detail. It should be understood, hoWever, 
that it is not intended to limit the invention to the particular 
form disclosed, but rather, the invention is to cover all modi 
?cations. equivalents, and alternatives falling Within the 
scope and spirit of the invention as de?ned by the claims. 
[0027] Taught herein are various techniques that can be 
used to optimiZe or improve magnetic devices in poWer con 
verters. LoW-poWer PFC converters typically use a boost 
converter to boost a recti?ed AC source voltage to a high 
voltage bus using critical-conduction-mode (CRM) opera 
tion. U)se of CRM operation produces a loW-cost converter; 
hoWever, it also requires an inductor having a small induc 
tance value With a large air gap that operates over a large 
frequency range. In practice, the large air gap alloWs a sig 
ni?cant amount of radiated energy to escape from the induc 
tor. The large frequency range may cause signi?cant EMI 
problems. thus causing a large amount of broadband fre 
quency EMI to radiate from the inductor into other parts of the 
circuit and ultimately radiate from the converter box as Well 
as the AC line cord. The broadband nature of the radiation 
requires a large EMI ?lter to prevent the noise from exiting 
the AC line cord. Current technologies either use a large EMI 
?lter to ?lter the broadband noise or they add shielding to the 
PFC inductor to prevent the noise from radiating from the air 
gap. 
[0028] Air gaps in PFC inductors are sometimes ?lled With 
a relatively loW permeability material (such as iron poWder) 
to distribute the air gap over a larger length and reduce the 
poWer losses often associated With the air gap. The large EMI 
?lter presents challenges to reducing the siZe of an adapter or 
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other poWer converter. There is currently a trend to signi? 
cantly reduce the siZe of poWer adapters. This requires high 
ef?ciency designs With reduced ?lter siZes. Current methods 
of reducing EMI involve either increasing the siZe of the EMI 
?lter or adding shielding to the inductor. The added shielding 
in the inductor reduces ef?ciency. Therefore, both of the 
current methods cause problems in reduction of the adapter 
siZe, as Well as causing the overall cost of the converter to 
increase. 

[0029] The techniques taught herein include using a rela 
tively high permeability material (that does not easily satu 
rate) in the air gap of the inductor. The high permeability 
material effectively attracts the escaping radiation of the 
inductor back into the inductor. The amount of radiated noise 
is thus reduced Without the need for increasing EMI ?ltering 
or inductor shielding. The ef?ciency of the inductor also 
remains high because losses due to energy dissipated into a 
shield are reduced. 

[0030] FIGS. 1 and 2 illustrate tWo inductor core structures. 
FIG. 1 shoWs a prior art core structure 20 that includes an 
I-shaped core 22 abutted against an E-shaped core 24. The 
E-shaped core 24 includes a center leg 26 and tWo outer legs 
28 and 30. Coils of a conductor 32 are Wrapped around the 
center leg 26 of the E-shaped core 24. As can be seen, an air 
gap 34 is formed betWeen the center leg 26 of the E-shaped 
core 24 and an edge of the I-shaped core 22. No matter the 
material used for the cores 22 and 24, the effective perme 
ability of the core structure 20 Will be decreased due to the 
presence of the air gap 34. Further, the air gap 34 causes a 
signi?cant amount of magnetic ?ux to pass through the air 
both in the gap 34 and in the surrounding vicinity to the gap 
34. This ?ux causes radiated electromagnetic interference 
(EMI) Which may be detrimental to the operation of nearby 
electronic devices. In many cases, a conductive band of metal 
(e.g., copper) is employed to surround the entire core struc 
ture 20. 

[0031] FIG. 2 illustrates a similar inductor core structure, 
Wherein a portion of the right side of the I-shaped core has 
been replaced by a relatively high permeability material that 
is not easily saturated (e. g., nickel Zinc (NiZn)). The material 
is relatively high in permeability relative to air, but relatively 
loW compared to the remainder of the core. In this case, a core 
structure 40 includes an I-shaped core 42 and an E-shaped 
core 44. The E-shaped core 44 includes a center leg 46 and 
tWo outer legs 48 and 50. Coils of a conductor 52 are Wrapped 
around the center leg 46 of the E-shaped core 44. Unlike the 
core structure 20, this core structure 40 also includes a layer 
54 of high permeability (relative to air) material that is sand 
Wiched betWeen the I-shaped core 42 and the E-shaped core 
44. An air gap 56 is formed in this case betWeen the center leg 
46 of the E-shaped core 44 and an edge of the high perme 
ability layer 54. It should be appreciated that the term high 
permeability refers to a material that has a higher permeabil 
ity than the overall permeability of the core structure. By 
positioning this higher permeability material on the edge of 
the I-shaped core, the high permeability material acts as a loW 
reluctance path for the magnetic ?ux, Which reduces the 
fringe ?ux that causes undesirable EMI. Not only is the high 
permeability layer higher in permeability than air, but it is 
signi?cantly loWer in permeability than the ferrite core. 
[0032] Thus, this layer 54 provides several bene?ts. First, it 
serves to increase the effective permeability of the core struc 
ture 40 relative to the core structure 20. Second, it serves to 
provide a narroWer and more Well-de?ned path for the ?ux 
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across the air gap Which greatly reduces the amount of radi 
ated EMI from the core structure 40. Third, it may eliminate 
or reduce the need for EMI ?ltering or shields for the core 
structure 40. 

[0033] In one embodiment, a ferrite core having a perme 
ability of around 2200u is utiliZed to form a core structure for 
an inductor having an overall permeability of about 70u 
including the air gap. A sliver of NiZn having a permeability 
of approximately 500-700u is disposed in the place of an edge 
of an I-shaped core. The overall permeability of the core 
structure is then about 150-200u, and the sliver of NiZn 
signi?cantly reduces the fringe ?ux that Would otherWise 
cause undesirable EMI. If ferrite Were used for the layer (as 
opposed to the NiZn), the overall permeability of the core 
structure Would increase to a number higher than 150-200u. 
This might be undesirable as it is also important to consider 
the saturation of the magnetic ?eld (B) in the core. Since the 
magnetic ?eld in the core is directly proportional to the over 
all penneability of the core structure, increasing the overall 
permeability of the core could make it easier to saturate, 
Which might be undesirable. For this reason NiZn is used 
rather than ferrite. It may be desirable to use other materials 
that have a higher ?ux density saturation point than NiZn, and 
also have a suitable permeability. Without limitation, one 
example of another suitable material for the layer 54 Would be 
iron poWder, Which has a ?ux density saturation point of 
0.7-1.5 Tesla as opposed to ferrites and NiZn Which may be in 
the range of 0.3-0.5 Tesla. 
[0034] The disclosure Will, noW turn to EMI ?lters. AC-to 
DC poWer supplies typically generate common-mode and 
differential -mode electromagnetic interference (EMI), Which 
conducts and radiates out of the AC line cord. For cases such 
as critical conduction mode (CrCM) poWer factor converters, 
Which generate large components of differential mode noise 
(i.e., noise betWeen the tWo poWer lines), the poWer supplies 
often use a common-mode ?lter to ?lter the common-mode 
noise (i.e., noise conducted on both poWer lines), and a dif 
ferential-mode ?lter to ?lter the differential -mode noise. For 
cases in Which the differential mode noise is relatively small, 
the common-mode ?lter is often intentionally designed to 
have a relatively high amount of leakage, thereby causing the 
differential-mode ?ltering, needed to substantially remove 
the small differential mode noise. 
[0035] In the case of critical conduction mode poWer factor 
converters, the EMI ?lter may be large since it requires a large 
differential mode ?lter as Well as a common mode ?lter. In the 
case of other AC-to-DC converters in Which the differential 
mode noise is loWer and the common-mode ?lter is designed 
to have a large leakage inductance, the common-mode ?lters 
must be made large to avoid saturation, and typically convert 
ers require at least tWo stages of common-mode ?ltering due 
to trade-offs in the ?lter design entailed in designing them for 
high leakage. 
[0036] Taught here is the integration of the differential 
mode ?lter and common-mode ?lter onto a common core. 
The resulting ?lter is smaller than if separate ?lters Were 
utiliZed, Which can be important in space constrained appli 
cations. Additionally, the total material is reduced, Which 
causes the overall price to be loWer. Further, since the com 
mon-mode ?lter can be optimiZed for common-mode perfor 
mance rather than for high leakage, the overall ?lter perfor 
mance is also improved. 

[0037] FIG. 3 illustrates a prior art single common-mode or 
differential mode choke 60 that includes tWo Windings 68 and 

Dec. 3, 2009 

70 Wrapped around a rectangular toriodal core 62. As can be 
seen, the core 62 includes a pair of legs 64 and 66 around 
Which the separate Windings 68 and 70 are provided, respec 
tively. When implemented as a common-mode choke, one 
Winding may be connected in series With the Line of an AC 
poWer line, While the other Winding may be connected in 
series With the Neutral of the AC poWer line. 
[0038] FIG. 4 illustrates a combined common-mode and 
differential-mode choke 72 in accordance With one embodi 
ment. The core 74 includes an outer rectangular-shaped sec 
tion having a pair of legs 76 and 78 and a top 77 and bottom 
79, and a center leg section 80 also connected to the top 77 and 
bottom 79. The center leg section 80 includes a small air gap 
82 betWeen an upper center leg 84 and a loWer center leg 86. 
The legs 76 and 78 have Windings 88 and 90 provided thereon, 
respectively. The center legs 84 and 86 have Windings 92 and 
94 provided thereon, respectively. In operation, the Windings 
88 and 90 on the outer legs 76 and 78 may be used to form the 
common mode noise ?lters While the Windings 92 and 94 on 
the center legs 84 and 86 may be used to form the differential 
mode noise ?lter. As can be appreciated, the loWer permeabil 
ity differential-mode noise ?lter shares the outer limbs of the 
core structure With the higher permeability common-mode 
noise ?lter. 

[0039] The disclosure Will noW tug to integrated tWo stage 
AC-DC converter magnetics. AC-to-DC converters that pro 
vide poWer factor correction (PFC) typically use a multi-stage 
converter that comprises a boost converter to boost a recti?ed 
AC source voltage to a high-voltage bus, and also comprises 
an isolated step-doWn converter to produce an isolated loW 
voltage DC output from the high-voltage non-isolated bus. 
The magnetic components used comprise, at a minimum, a 
PFC choke for the PFC converter and the isolated transformer 
for the step-doWn isolation stage. These tWo separate mag 
netic components comprise a noticeable amount of cost and 
space occupied by the poWer converter. 
[0040] Taught herein is the integration of the PFC choke 
and the isolation transformer into a single core structure. In 
the prior art, the isolation transformer and the PFC choke are 
typically Wound on separate E-E cores 100 and 102 as shoWn 
in FIG. 5. The disclosure herein teaches that a PFC choke core 
104 can be incorporated into an isolation transformer core 
106 by adding an additional E core 108 onto the E-E core of 
the isolation transformer (Which includes a pair of E cores 110 
and 112), as shoWn in FIGS. 6 and 8. The return path of ?ux 
for the PFC choke primarily uses a leg of the isolation trans 
former E-E core although, as can be seen in FIG. 8, some ?ux 
?oWs through each of the various routes to return back to the 
PFC. Thus, the siZe of at least a portion of the E-E core of the 
isolation transformer may be increased slightly to accommo 
date the additional ?ux due to the ?ux sharing arrangement 
betWeen the PFC choke and the isolation transformer. 
[0041] In loW poWer AC-to-DC converters that provide 
PFC, the PFC converter is typically operated using critical 
conduction mode, Which causes a Wide operating range of 
frequency for the PFC converter section Since the isolation 
stage is typically operated at nearly constant frequency, it 
may not be practical to align the current betWeen the tWo 
converter stages forAC-to-DC converters that employ critical 
conduction mode PFC converters. HoWever, in higher poWer 
AC-to-DC converters, the PFC converter stage is typically 
operated at a constant or nearly constant frequency. In these 
cases, it may be feasible to operate the PFC stage and subse 
quent isolation stage at nearly constant frequencies and syn 
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chronize the stages in such a Way that the return path of ?ux 
in the PFC choke plus the path of ?ux in the nearest E-E core 
leg is minimized. If the converter stages are synchronized in 
this manner, the size of the E-E core may be minimized so that 
the E-E core is no larger for the integrated magnetic structure 
than it Would be for the isolated transformer core. An example 
of this synchronization is shoWn in FIG. 7. As can be seen, the 
timing of the current through the PFC choke is controlled so 
that its peak aligns With a valley of the current pas sing through 
the isolation transformer. As shoWn, the frequency of the 
current passing through the PFC choke and the isolation 
transformer may be multiples of each other (including the 
same frequency), such that the peak of one aligns With the 
valley of the other (or at least the peaks of both never coincide 
With each other). In this regard, the size of the E-core that is 
being shared by the transformer and the PFC choke may be 
minimized that is, the E-core does not need to be designed to 
handle the sum of the maximum ?ux from both the PFC choke 
and the isolation transformer at the same time. 

[0042] The aforementioned implementations decrease 
component count, decrease overall cost, and reduce the size 
of the resulting poWer converter Synchronization of the tWo 
converter stages provides a further bene?t in reduction of the 
core size and cost. 

[0043] The disclosure Will noW turn to stackable converter 
magnetics. AC-to-DC, converters typically contain at least 
tWo converter stages and several sections for each converter. 
A typical example Would be an AC-to-DC converter that 
provides poWer factor correction. AC-to-DC converters that 
provide poWer factor correction (PFC) typically use a multi 
stage converter that comprises a boost converter to boost a 
recti?ed AC source voltage to a high-voltage bus, and also 
comprise an isolated step-doWn converter to produce an iso 
lated loW-voltage DC output from the high-voltage non-iso 
lated bus. The magnetic components used comprise, at a 
minimum, the PFC choke for the PFC converter and the 
isolated transformer for the step-doWn isolation stage. These 
tWo magnetic components comprise a. noticeable amount of 
cost and space occupied by the poWer converter. 
[0044] AC-to-DC converters also typically include an EMI 
?lter coupled to the AC poWer source. The EMI ?lter usually 
comprises tWo common-mode chokes or a common-mode 
and a differential-mode choke. Additionally, the isolated step 
doWn converter typically comprises at least one inductor, 
either a large ?lter inductor or a resonant inductor. As 
described above, AC-to-DC converters typically comprise a 
signi?cant number of separate magnetic components. These 
magnetic components contribute a signi?cant amount of cost 
and space usage for any poWer converter. 

[0045] As taught herein, tWo or more of the magnetic ele 
ments are stacked in such a Way as to share one side of a core 

for tWo adj acent components. The shared core edges may be 
someWhat smaller than the combination of the tWo core edges 
they replace, so the total volume of core material is reduced. 
Furthermore, the component count is reduced as Well as the 
total space utilized by the magnetics. In some cases, the core 
volume reduction may be substantial. Also, in certain cases 
described beloW, a converter may be operated in such a fash 
ion as to further increase the core volume reduction obtained 
using this technique. 
[0046] FIG. 9 shoWs tWo separate magnetic component 
building blocks 200, and 204 that are stackable into a single 
stacked assembly 202 for an entire poWer converter. Each 
magnetic component 200 and 204 is Wound on a core that has 
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a determined mechanical cross-section. The core area is con 

trolled by changing the thickness of the core Walls (shoWn as 
the horizontal dimension in FIG. 9). Each magnetic compo 
nent contains a core Wall on at least one side in addition to top 

and bottom, While some contain core Walls onboth sides (e. g., 
200). In the case ofassembly 202, it can be seen that compo 
nent building block 200 is the central portion of 202, While 
component building block 204 can be used at either end of 
assembly 202. Of course, component building block is 
?ipped around before being used on the right-hand side of 
assembly 202. As shoWn in FIG. 9, the cores can be stacked 
With each other since they all have the same mechanical 
cross-section and approximate size. The core Wall for each 
section provides a ?ux path for that section as Well as for the 
adjacent section. The end sections in the stack contain a core 
Wall on both sides rather than only one side, since the end 
sections only have one section adjacent to them. 

[0047] The magnetic structure shoWn in FIG. 9 can include 
any of the magnetic elements in the AC-to-DC converter 
including but not limited to the EMI ?lter chokes. the PFC 
boost inductor, the isolation transformer, a resonant inductor, 
output ?lter chokes, or the like. In one embodiment, the 
elements may be stacked such that the magnetic elements 
located on the primary side of the transformer are located at 
one end of the stack, magnetic elements located on the sec 
ondary side of the transformer are located at the other end of 
the stack, and the isolation transformer is located betWeen the 
primary-side and secondary-side magnetic components. A 
smaller number of magnetic elements could also be stacked as 
is convenient for a design. Some speci?c cases of magnetic 
stacking and associated advantages are described beloW. 

[0048] It is common practice in resonant converter designs 
to use the parasitic leakage inductance of the transformer as 
the resonant inductor. This practice may limit a design by 
causing non-optimal transformer construction to obtain high 
inductance values. By using the stackable magnetics method, 
one can integrate a resonant inductor With the isolation trans 
former, thereby alloWing an optimal transformer design and 
alloWing easy change of the resonant inductance value. FIG. 
10 shoWs What the resulting magnetic structure may look like. 
[0049] Higher poWer PFC converters are sometimes split 
into tWo identical parallel PFC converters that are operated 
180 degrees out of phase With each other. The tWo identical 
PFC converters share a common input voltage and a common 
output capacitor. By operating the gate drives of the semicon 
ductor sWitches 180 degrees out of phase With each other, the 
combined inductor ripple current for the tWo converters is 
substantially reduced compared With the current from each 
converter individually. 
[0050] The ?ux in the tWo PFC chokes is also 180 degrees 
out of phase With each other. There is therefore substantial 
cancellation of ?ux in a common core edge When one stacks 
the cores in the manner described herein. One can therefore 
realize a substantial decrease in overall magnetic material by 
stacking these tWo cores and eliminating a comm. on edge. 
FIG. 11 shoWs hoW the tWo cores 250 and 252 may be com 
bined into a single core 254 With signi?cantly reduced overall 
core volume. The cores 250 and 252 each include a pair of 
E-shaped core elements that face each other. Core 254 
includes a pair of E-shaped core elements 256 and 258, With 
a uniquely-shaped common core element 260 sandWiched 
therebetWeen. Common core element 260 is shaped like a pair 
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of E-sections joined together With their respective legs facing 
outward, and their respective longitudinal sections abutted 
together. 
[0051] It should also be appreciated that various techniques 
may be used to minimize the required volume of the entire 
stackable converter magnetic structure. For example, the tim 
ing and operation. of each of the individual components may 
be analyzed to determine the optimal position in the stack for 
each component that minimizes the volume required. Further, 
as discussed above, the current in the various components 
may be “synchronized” With each other to reduce the maxi 
mum instantaneous ?ux that passes through any one section 
of the core structure. 

[0052] Additionally, the stacked magnetic components 
may have different core areas and different core dimensions 
(e.g. stacking a small 3-Walled core onto a large core to 
complete the last of the 4 Walls) that may be desirable to 
implement particular components for particular applications. 
[0053] While the invention has been illustrated and 
described in detail in the draWings and foregoing description, 
such illustration and description is to be considered as exem 
plary and not restrictive in character. For example, certain 
embodiments described hereinabove may be combinable 
With other described embodiments and/or arranged in other 
Ways (e.g., process elements may be performed in other 
sequences). Accordingly, it should be understood that only 
the preferred embodiment and variants thereof have been 
shoWn and described and that all changes and modi?cations 
that come Within the spirit of the invention are desired to be 
protected. 

What is claimed: 
1. An inductive element for an electronic circuit, the ele 

ment comprising: 
a magnetic core assembly having an air gap, the core 

assembly having an overall permeability, the core 
assembly being composed of a ?rst material for at least 
a substantial majority of the assembly, the ?rst material 
having a permeability, and having a layer of material 
having a permeability higher than the overall permeabil 
ity and loWer than the permeability of the ?rst material 
adjacent to at least one side of the air gap; and 

a coil of conductive material circumferentially surround 
ing at least a portion of the core assembly. 

2. An inductive element as de?ned in claim 13 Wherein the 
layer of material includes NiZn. 

3. An inductive element as de?ned in claim 1, Wherein the 
layer of material includes iron poWder. 

4. An inductive element as de?ned in claim 13 Wherein the 
magnetic core assembly includes an E-section and an l-sec 
tion. 

5. An inductive element as de?ned in claim 43 Wherein the 
l-section includes the layer of material on a side adjacent the 
E-section. 

6. An inductive element as de?ned in claim 1, Wherein the 
layer has a permeability greater than 300u and the overall 
permeability of the core assembly is less than 300u. 

7. An inductive element as de?ned in claim 15 Wherein the 
?rst material has a permeability greater than 2000u and the 
layer has a permeability less than l000u. 

8. An inductive element for an electronic circuit, the ele 
ment comprising: 

a magnetic core assembly having three core legs around 
Which Windings can be provided, including a ?rst leg, a 
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second leg, and a third leg, Wherein the third leg includes 
an air gap such that the third leg is divided into tWo leg 
sections; 

a ?rst Winding around the ?rst leg, a second Winding 
around the second leg, and a third Winding and a fourth 
Winding around respective ones of the tWo leg sections 
of the third leg; 

Wherein the ?rst and second Windings are used for ?ltering 
common-mode noise and the third and fourth Windings 
are used for ?ltering differential-mode noise. 

9. An inductive element as de?ned in claim 8, Wherein the 
?rst Winding has the same number of turns as the second 
Winding and the third Winding has the same number of turns 
as the fourth Winding. 

10. An inductive element as de?ned in claim 8, Wherein a 
?rst end of the ?rst leg, the second leg, and the third leg are all 
attached to a top core element and a second end of the ?rst leg, 
the second leg, and the third leg are all attached to a bottom 
core element. 

11. An inductive element assembly for an electronic cir 
cuit, the assembly comprising: 

a ?rst inductive element having a ?rst magnetic core and a 
?rst pair of Windings; 

a second inductive element having a second magnetic core 
and a second pair of Windings; 

Wherein the second magnetic core is connected to the ?rst 
magnetic core and the magnetic ?ux generated by the 
second inductive element passes from the second mag 
netic core to the ?rst magnetic core and back to the 
second magnetic core. 

12. An inductive element assembly as de?ned in claim 11, 
Wherein the second inductive element is shaped as a E-sec 
tion. 

13. An inductive element assembly as de?ned in claim 12, 
Wherein the ?rst inductive element is shaped as a pair of 
E-sections. 

14. An inductive element assembly as de?ned in claim 11, 
Wherein the ?rst inductive element is shaped as a pair of 
E-sections. 

15. An inductive element assembly as de?ned in claim 11, 
Wherein the current ?oWing in the ?rst and second pair of 
Windings is synchronized so that the peak current does not 
How through the tWo pair of Windings simultaneously. 

16. An inductive element assembly for an electronic cir 
cuit, the assembly comprising: 

a ?rst inductive element having a ?rst magnetic core and a 
?rst pair of Windings; 

a second inductive element having a second magnetic core 
and a second pair of Windings; 

Wherein the ?rst inductive element and the second induc 
tive element have substantially the same cross-sectional 
shape, and further Wherein the tWo inductive elements 
are stacked on top of each other. 

17. An inductive element assembly as de?ned in claim 16, 
Wherein the ?rst inductive element and the second inductive 
element have substantially the same cross-sectional size. 

18. An inductive element assembly as de?ned in claim 16, 
further including a third inductive element having a third 
magnetic core and a third pair of Windings, Wherein the third 
inductive element has substantially the same cross-sectional 
shape as the ?rst inductive element and the second inductive 
element, and further Wherein the three inductive elements are 
stacked on top of each other. 
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19. An inductive element assembly as de?ned in claim 16, 
Wherein the ?rst magnetic core includes an E-section and a 

common core section, and further Wherein the second mag 
netic core includes an E-section and the common core sec 

tion. 

20. An inductive element assembly as de?ned in claim 16, 
Wherein the common core section is formed in the shape of a 
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pair of E-sections that are joined together With their longest 
longitudinal sections abutted against each other. 

21. An inductive element assembly as de?ned in claim 16, 
Wherein the current ?oWing in the ?rst and second pair of 
Windings is synchronized so that the peak current does not 
How through the tWo pair of Windings simultaneously. 

* * * * * 


